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* Gas and solvent were Injected into the
Rainbow B pool, a carbonate reservorr,
to help extract the remaining oll

OBJECTIVE

 To determine the locations of the
Injected gas and solvent using time-
lapse analysis



What is time-lapse analysis?

e 4D seismic - 4t dimension is calendar time

* Refers to repeating a seismic survey after a
period of time In an effort to Image changes
that could have occurred in a reservoir

 Time-lapse analysis is useful:

— Improve production by finding bypassed oll

— reservoir changes in between wells can be
detected



Significance of Study

 Not much time-lapse work done on
carbonates because the fluid changes
are difficult to detect

 BUT, time-lapse analysis of Rainbow B
shows that the fluid changes are bigger
than expected due to the pore geometry



Main result

 Time-lapse analysis appears to
detect the presence of gas and
solvent in some, but not all
locations



Outline

1) Background

2) Time-lapse results:
 Time-delay map
 Amplitude change map

3) Compare time-lapse results to geology and
engineering data
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Pore geometry

Pore geometry affects the velocity changes

Fluid substitution in low pore aspect ratio
(cracks) rock causes greater velocity
change than high pore aspect ratio (round)
rock. (Kuster & Toksoz, 1974)

Rainbow B reef is mostly vuggy and has a
low pore aspect ratio.

The Gassmann equation underpredicts the
velocity changes



Core from well 7-10: reef mostly dolomitized
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Rainbow Pool Timeline

1965 — pool was discovered and oil produced
by natural drives: primary production

1968 — pool waterflooded: secondary
production

1984 — miscible gas and solvent injection:
tertiary production

1987 — 3D seismic data acquired in area
2002 — 3D seismic data acquired again



Fluid contacts from 1987 to 2002
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Gas Plus Solvent Thickness (m)

1987 24010)% Difference

Difference from time 1987 to 2002

Solvent thickness in 1987 (meters) Gas plus Solvent thickness in 2002 (meters] of the solvent plus gas thickness (meters)
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TIME-LAPSE RESULTS



Seismic changes expected from the injection of gas
and solvent

Keg River
Horizon

Cold Lake
Horizon

Before Gas & Solvent
Injection

causes an amplitude
increase at the Keg

causes an impedance decrease River horizon

below the Keg River horizon

causes a time sag at the
Cold Lake Horizon

After Gas & Solvent
Injection
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1987 seismic data (Base)
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2002 seismic data (Monitor)
higher frequency content

Inline 162 1?l] 1?3 1EE 19*‘1 El]E 211 EEU EEH 233 2-‘-1? 256 265 2?4 233 291 EEIEI 3l]? "-‘1 325 33-'-1 3-'-13

I e b|“ | Hlu ” l‘l "l I
e, m R

| II.“i“l il.elf'llljllﬂl {kHlll J.I.I.|I.I.I. 1 lll[”l A u-. II' I|.|. 1) I :'n--' LT -"' |
i f....wwmnnw%m@f ;a-rn;ﬁ.ﬂ‘#ﬂ‘}?}bm.mﬁw%wﬁ T ‘““*

1100 L JJIJJIJJ WL, Lt pp,

] I L IIIII [ 'I " .I '|
1208 ” (]! ‘I 1l 1”1“1 1 i I I FrY FFFEPF PR
LLMEE LT “ :m Gy .r-,. rrrmrru. l.l. FETTERee e e o ”[m AL GGy
. LR o .i._-.'_;.ﬁl:ﬂ-"‘:"”" —mtTia oI . = et 4 ' L P I REE PR R . 't o - ud 'CE"‘:" "' :

iﬁr[rErp;;ﬁmwmm it wandalaldite et I
I]IIiHJIIiIIIIIIIHHHIH'Hl!-!.’llllIIIIIIIllllE*!"‘IﬂilllHllIlllllllllllHllIlliﬁiiiﬂilll.iiIiIIlIIIlIIliiiill-!-!llIIIIlllli!IIlIlﬂilﬂﬂlﬂﬂlﬁiﬂﬂll\'ul'n\ﬁﬂlﬂﬁllﬂﬂlﬂllllIIIIIIIIIII

It
. 1 ) I g 1]
Do | | ] AL _.“ e " =
- LR

................

bR it (ﬂm««




Difference between the 1987
and the 2002 survey
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(58, 205)

Time-delay
map (ms)




Difference
RMS amplitude
map from 1987

to 2002




COMPARE SEISMIC TIME-
DELAY MAPS WITH OTHER
MAPS
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Isochron map (Keg River to Cold Lake)

Time-delay map (ms)



Thickness difference of the Salvent plus Gas
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Calculated time delays (from CMG) from 1557 to 2002 a (58, 205)
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Conclusions

‘'Ime-lapse analysis detected the injected
fluids iIn some, but not all locations.

Time-delay results are most useful

Vuggy areas show more response than
iIntergranular areas

Amplitude change and impedance change
results were not useful

Gassmann equation underpredicts the
velocity change
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